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@ Method and apparatus for detecting knock in an intamal contbustion ongine. 



) A nnethod and apparatus of detecting knocking in an internal combustion engine having a crankshaft 
(4) uses a knock detecting sensor (17) to detect vibration caused by knocking. The signals from the 
knock detecting sensor (17) are detected t>etvveen a frst and a second moment df time (i.e. a 
measurement window) and at least one of the first and second moments of time are independently 
varied in dependence upon a vibration spectnim of frequencies to be detected. In a preferred 
embodiment a pluratity of frequency spectra, each having a different first and second moment of time, 
are each separately analysed for determining knock intensity. The moments of time are represented by 
fffst and second angles of the crankshaft A plurality of measurement windows are advantageously used 
to determine the level of knocking and if the level exceeds a predetermined level the ignition timing for 
the engine is retarded. The frequency of maximum amplitude is ananged in operatk>n to t>e the centre 
frequency of a frivquency spectrum detennined by the measurement window. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention relates to a method of detecting knocking in an internal combustion engine and an apparatus 

therefor. 

2. Description of Related Art 

10 There are various kinds of known knock detecting methods iand apparatus therefor adapted to detect a 

knocking phenohfiehon occurring In an internal combustion engine. For example, Japanese Patent Laid-open 
No. 45520/1983 discloses a knock detecting apparatus adapted tofiltera frequency, which is peculiar to knock- 
ing, of an output signal from a knock detecting sensor, and to decide the occunence of knocking by judging 
whether the amplitude of the firequency component exceeds a predetermined level or not 

IS However, in this prior art apparatus, a knock signal Is always evaluated in the same range of crank angles, 

that is a predetemnined "window" position and arcuate length of crank angles is used for the knock detectk>n. 
Because the range over which knock detection is made is predetenminedly fixed, it is not possible to accurately 
determine the crank angle at which the maximum amplitude of knocking occurs. In this respect, the maximum 
ampl^de of knocking varies with frequency and the present inventors have found that the frequency varies 

20 vinth crank angle position. If, as in the prior art; an overiy wide window is used to detect the frequency of knock- 
ing, the window position also being fixed, so it has been found that noise frequency components based, for 
example, caused by the vibration of a valve, can have a major effect in the measurement window and cause 
a misjudgment of the frequency (and thus crank angle) of knocking. 

It will be appreciated that the engine block has a particular resonance frequency and that the frequency of 

25 knocking in the prior art is detected by evaluating the energy of the vibration. As mentioned above, vibration 
from mechanical sources made by the operation of, for example, inlet and exhaust vah^es, cause other resonant 
frequencies. It is disclosed in Japanese Patent Application Laid-Open No. 63-219874 to use more than one 
filter to separate particular resonance frequencies. More than one filter is nomnally used if analog comprised 
of discrete parts are used or if digital fSters are used. 

30 However, botii the above-mentioned prior art attempts to accurately detect the frequency and, hence, crank 
angle position of knocking are Inflexible, and because filters are used it is essential that the central frequencies 
of the filters are predeterminedly fbced. This makes it impossS^le to con-ectly adjust the filters central frequencies 
to resonance frequencies in a situation where resonant frequencies change due to a change in ttie operating 
conditions of the engine and the aged deterioration of tiie engine itself. Thus, the prior art is unable to implement 

35 a high precision detection of knock in intemal combustion engines. Moreover, the prior art attempt has the dis- 
advantage that if analog filters are used, a like numt>er of fDters are required as the number of firequendes to 
be separated, thereby increasing the cost and size of the filters. 

it is an object of the present invention to attain an improvement in knock detecting accuracy, which cannot 
be completely effected by the al30ve known technk^ues, on the f>asis of the discoveries made by the inventois 

40 of the present invention in their various experiments concerning the relationship between the^frequency of a 
detected knocking signal and a crank angle, and to provide a knock detecting method and apparatus, which 
are capatrfe of improving an Intemal combustion engine output power and fuel consumption. 

SUMMARY OF THE INVENTION 

45 

According to a fifst aspect of this invention there is provided a method of detecting knocking in an intemal 
combustion engine having a crankshaft and a knock detecting sensor including the steps of detecthig engine 
vibration caused by knocking with sakJ knock detecting sensor between a first and a second moment of time 
and independentiy varying at least one of the first and second moments of time in dependence upon a vibration 
50 spectrum of frequencies to be detected. 

Thus, in the broadest aspect of the invention the "window" at which detection occurs has ttie start location 
thereof movable in time and the period of the window of detection is variat>ie in dependence upon time, the 
essence t>eing that the window is as narrow as possible and movable to detect the maximum frequent of vib- 
ration. 

55 Because the phenomenon of knocking occurs over a frequency spectrum it Is desired \hBt a plurality of 

frequency spectra each having a different first and second moment of ftne are each separately analysed for 
determining knock Intensity. 

It will be appreciated that the first and second moments of time may be represented by first and second 

3 
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angles of the crankshaft, although it is to be understood that it is not strictly necessary to relate the moments 
of time to crankshaft angles, such being performed for convenience. 

Advantageously, a plurality of frequency spectra are detected each having different center frequencies 
As described above, the start position of the window is variable in position and so the first crank angle Is 
vanable but. m some circumstances, it may be prefen-ed to make the window length predetemAiedly fixed and 
so the difference between the first and second crank angles may be predetermlnedly fixed. It is to be noted, 
hwjwver. that the arcuate distance between the first and second crank angles Is smaller than In the prior art 
because the windows of this invention, over which measurement is made, are movable in position, whereas in 
tt«e filters of the pnor art. the window position and length were predeteiminedly fixed and necessarily had to 
-e wide in order te detect the knocking phenomenon;i1^ 

the first .and«ecorKl crank angles is Umited to reduce the effect of vibratkm caused by mechanical noise such 
as ty fectprocating engine inlet and exhaust vaNes. 

Preferably, frequency spectra are analysed to detennine an overall knocking signal level and if said level 
exceeds a predetermined level then ignition timing of said engine is retarded. 

In a ojrrently prefen^ed embodiment the spectnim of frequencies is detected at a plurality of sampling points 
Within said spectrum wherein Uie samples at said sampling points are analysed. In sudi an embodbnent saki 
analysis is Fast Fourier Transform or Walsh to Fourier Transfonn. both analysis known perse. 

Because engine knocking varies in dependence upon engine operating parameteis. preferaUy said first 
and second angles are varied in dependence upon engine r.p.m.. engine water temperature, intake air tem- 
20 perature. intate air huirudify or engine mileage. 

A*^"*ageoudy.saidspectraoffrequendesiseachreprBsentativeofamodeofvibratlonwlthinarespeo- 
fiye^ninder of said engine. In an embodiment of the inventton. advantageously for each frequency spectrum. 

the frequency of maximum amplitude is detected by analysing data attwoormore consecutive frequency sam- 
pies. 

^ « ,.^^^'***'™P^®*'^«°«^'=y<»f*e<'etec«<>n<rfkno^ 

hplied by a weighting factor and the weighted frequency of maximum amplitude for each mode are summed to 
provide a tone index whereby knock is detected by comparing said tone index with a predeteimined signal 
The weighting factor employed nonnally decreases with the signal-to^K^ ratto, that is the dgmi being the 
frequency of knocking as against the noise being the mtemal mechankal noise of the engine made by inlet 

30 valves, etc. 

Thus, if the tone Index is above the predetermined signal the engine ignition is retarded. 

Advantageously, if said frequency of maximum amplitude Is not centrally located within said frequency 
spectnim the first and second crank angles are shifted in a next cyde to centralise said frequency of maximum 
amplitude. 

35 According to another aspect of this invention there fe provided an apparatus for detecting knock in an inter- 
na combustion engme comprising a knock detecting sensorfordetecting engine vibrafion caused by knocking 
atimlng means for evaluating signals from said knock detecting sensor between a firet and a second moment 
of time, and means for Independently varying at least one of the first and second moments of time in depen- 
dence upon a vibration spectrum of frequencies to be detected- 

40 Preferably tfie first and second moments of time are represented by first and second angles of a crankshaft 

of said engine. 

in a prefenned embodnient the apparatus Includes means for evaluating sakJ vibration spectrum of fre- 
quences detected and means for comparing an output of said evaluating means witti a means producing a 
predetermined s'^nal level, and means for varying the ignition tkning of saki engine signal If 0ie output of ttie 
45 ev^u^'ng means exceeds saki predetemiined level. 

Thus, by tiie present Invention tfie window of frequency nneasurement may be varied in positfon and in 
lengtii and tiie cenfae firequency of ttie window may be shifted In operation. By flie use of this invention the 
detection of knock is optimized and tiie result nray be used to con-ect ttie Ignition timing of ttie internal com- 
bustion engine. 

The apparatus of tiiis Invention convenientiy has a knock sensor witii a flat frequency characteristic for 
operating over a range wide enough to Include knock detecting signals and. tiius, to Include more ttian one 
particular frequency created on tiie occunrence of knock and is capable of detecting a plurality of knock signals. 

The aged deterioration of ttie engine is convenientiy measured by detecting tiie mieage of ttie automobile 
and tiie knock detecting apparatus of ttiis Invention is capable of evaluating ttie deterioration of ttie engine, 
and of shifting ttie knock detecting measurement window In dependence upon aged deterioration of tfie engine, 
whereby detectkm of knodc Is optimized. A microcomputer is nonnally used to analyse ttie result of sampling 
so ttiat knock detection is evahiated In real time so as to optimize engine output and combustion ^dency. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1(a) and 1(b) show a waveform diagram and a graph respectively of the relationship, which con- 
. stitutes the basis of the present invention, between the range of crank angles after top dead center (ATDC) 
5 in which an output signal lirom the knocidng sensor is picked up (detected) and a vibration component; 

Figures 2(a) - 2(f) show in graphical form a method of determining an optimum range of crank angles cor- 
responding to frequencies to be detected; 

Figure 3 shows the entire system of a control apparatus for an internal combustk>n engine which employs 
an emt>odiment of the knock detecting apparatus in accordance with the present invention; 
10 Figure 4(a) shows a block circuit diagram of the inner portion of a controller used in the knock detecting 

apparatus in accordance with one embodiment of this invention which is employed In the apparatus of Fig- 
ure 3; 

Figure 4(b) shows a block schematic diagram of the constructk)n of a knock signal pickup; 
Figure 4(c) shows a time chart illustrating the operation of the knock signal sensor; 
fs Figure 5 shows a flow chart of a signal processing operation for judging the occun-ence of knocking in the 

emtx>diment of Figure 3; 

F^ure 6 is a flow chart showing a signal processing operation for judging the occurrence of knocking ui 
the embodiment of Figure 3; 

Figires 7(a) and 7(b) show block schematic diagrams of another conboller and another signal pickup re- 
20 specthrely which may be used in the present Invention; 

Figure 8 Is a time chart illustrating a signal pickup operation In the embodiment of F'^ures 7(a) and 7(b); 

Figure 9 is allow chart showing a knocking judging operation in the embodiment of Figures 7(a) and 7(b); 

Figure 10 shows a block diagram of an internal combustion engine to which a knock detecting apparatus 

in accordance with another embodiment of the present invention is applied; 
25 Figures 1 1(a) and 1 1(b) show an explanatory representation of a resonance vibratk>n mode; 

F^ura 12 shows a currentiy preferred embodiment of a portion of the knock detection apparatus used In 

the embodiment of Figura 10; 

Figures 13(a) - (h) show waveforms useful in explaining the operation of the apparatus of F^ure 10; 
Figures 14(a) - (e) show flowdiarts of knock detection procedures in the embodiment of Figura 10; 
30 Figure 1 5 shows a graphteal representation of the frequency characteristics used for knock detection; and 

Figura 16 shows a graphical representation of the change of frequencies for knock detection when sut>- 
jected to aged deterioration of the engine. 
In the Rgures like reference numerals denote like parts. 

35 DESCRIFnON OF THE PREFERRED EMBODIMENT 

Before describing the embodiments, the facts, which the inventors of the present invention have ascer- 
tained, regarding the relationship, which constitutes the tiasis of the present invention, between an output signal 
from a knock detecting vibration sensor, and a crank angle at which the pickup of the output signal is started 

40 will be illustrated with reference to Figures 1 (a) and 1 (b) of the accompanying drawings. 

Figure 1(a) shows an output signal from an engine vibration detecting sensor, and a range of crank angles 
Bi (starting from lO"" after TDC) at which the pickup of the output signal is started and a range of other crank 
angles 62 (starting from 16*" after TDC) to whk:h 8^ is to t>e changed, where TDC denotes top dead center and 
ATDC denotes after top dead center. For the benefit of explanation the range of crank angles, that is time or 

45 arcuate length of angle 0^ and O2 are the same, their starting position only t>eing varied. However, this invention 
contemplates both the starting point of 61 and 62 being different from one another^and the time or angles 6^ 
and 82 being different finom one another. The results of a frequency analysis carried out with respect to each 
of these crank angles are shown as m(et), vn{e^ in Figure 1 (b). As is clear from these Rgures, the characteristic 
frequency of knocking fluctuates when the commencement point of detection for a range of crank angles is 

50 varied (even when Ot equals 82)- It is considered that the cause of this phenomenon reskJes in the fluctuation 
of natural frequen^ of knocking which is due to the variation of temperature In a cylinder \n an expansion stroke. 
Therefore, in order to Judge the occurrence of knocking with reference to a vibration component at a spedfic 
frequency, a signal is picked up in the range of crank angles in which the characteristics of knocking most dis- 
tinctly appear with respect to the frequency, and hence knock detecting accuracy is improved. 

55 A method of predetemnining the range of crank angles at which the pickup of signal is canied out with res- 

pect to each firequenc^ will now be described with reference to Rgure 2. 

F^ure 2(a) shows the output from a vibratton sensor and Figure 2(b) shows the range of crank angles Oi, 
62 ~. 8n at which the vibration sensor output is detected (pteked up). 

5 
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Fgures 2(c) and 2(d) show the results of deteimination of spectral levels of different frequencies f, f, f, 
in a fiBquency analysis carried out with the crankangle. in which the vibration sensor output signal is changed 
^^^"^ ^^''^ ^I^'^ respectively. In Figure 2(c) the spectral level of frequency corresponds to a 4e 
Where Icnodang .s not detected and in Figure 2(d) the spectral level of frequency con«sponds to a case where 
rf^nt J**?"^-^ w tf^"^® correspondingly to the crank angles in the middle of the ranges 

J^,^<"^. «HH frequency analysis is earned out Since the time of ocoun^nce of knocking fluc- 

J'ShJy .n evenr ignition stroke, these spectral levels are detemined by averaging spectral levS c^^ 
re^ndng to apredetennined number of ignition strokes (for example. 50 ignition strokes). Hgure 2(e) shows 
a rate of sF««*a^ level m a case where knocking occurs to that in a case where knocking fe not detected. thTt 

one a?«S^ " "^^""^ ^'^^ ""^ ^^^'^'^ ^"^^ '^^^ ^ may differ fJI 

in angles in which the pickup of a signal is carried out is set on the basis of what is shown 

IL™^^^ u V""*^ ^'^ *^ t*"^ not lower than a ^ 

determined level (for example, not less than 1.5). 

ret^re^trm'^ra;- s;^^^^ " " ^ -^--^ ^^^^ 

enaiS'I^^i^rin'.? '^'^ 
engine Air enters the inlet of an air cleaner 1. and is sucked into a cylinder of an engine 7 through a duct 3 

25 r ^"^'"^ """^ ^- ''"^ lector 16 fe mixed with Z 

' resultant gaseous mixture is supplied into the cylinder of the engine 7. A high voltage qer^ 

erated .nan ignitton coH 13 is distributed by a distributor 14 to an ignrtlon spark plug 15 of eacL cJiSS crfS^ 

ri^rt!!:. .f^if *® compressed in the engine 7. ignited by the ignition 

spartc p^ug 15 and thereafter discharged fhim an exhaust pipe 8. The exhaust pipe 8 mi be pro^de^ SS, m 

30 ('---P'e.anoxygen(«y senso0.anoutputsignJ^£LShV^ 

» wndltfon of the engine is detected by a crankshaft 4 POS crank angle sensor 18. tram which 

ou^lT? ^T^J""'^ ^ ^ "^"^ '^^^■^"'^ ^^'^'^ 1 9 ^ which a R^«^ fe 

ou^tted.nd,catn,eofacrankanglereferenceposition.Avibratfo^ 

7^andanou^«rts.gnaltherefromisalsoinputtedintoft^ 
« 0,e fi^el feed rate and ignition time on the basis of the signals from the foregoing and vario»« ^iTJZra 
(suc^ as water temperature) and to output a control signal to each actuator^ the engihT^ 

Figure 4(a) shows the constructton of part of the engine control unit 9. In this respect, the control unit 9 
cons«tso^aCPU20.anAfl5oonverter21.aROM22.aninputW>23.RAM24andano^l^^ 
h^l/S'i An ? 1^ 1^"^^ '^"^ ^"9'^ ^2 are Inputted into the Su 20 through the 

?rJIrSif^«^T^*'?"^l*^"'*'''^^^ sensor 17 is Inputted into the CPU 20 through the A«) converter 
J^^^^ ^ "^"^ computation in accordance with a program held in the ROM 22. and 

actuator. The crank angle at which the pkAup of a signal from the vibration sensor is started and the range of 
^'S^"?f ^ to optimum levels by the above^escribed procedure and stored In the ROM 22. and the 
retention of necessary date during the computation IS perfonned by the RAM 24 

«,nl!!!^r'2t" "'.Plf^a a Signal from the vibratton sensor will now be described witti reference to the 
^T^^^^- ^^""^ ^""^ o^ ^hown in Figure 4(c). Referring to Rgure 

^^^^Tf.^ """i" "^'"'"9 angle based on the rismg Srtof ie REF sigr^. cou^ 

L™S^!^ <letem^n.ng the vanation of crank angle during the time after storting the pk:kup of »te signal. 

^"^"^ to set an angle ft, at which the pickup of the signal is sLted. and cor^Se 

on these conipare regeters 32. 33 are set by the CPU 20) . Comparator 34 is adapted to che* an actual craS 
^crankangle during the fame between the storting and ending of pfekupof a signal as to whether the level of 

• ^^Z^^ for ordering the storting and ending of Art) conversion are outputted 
2™^Lr 1^ 21. An Art) converted signal is inputted into the CPU 20. In this em^ent. 

the number set by the counters, compare registers, comparators and Art) oonveitere correspond to the fre^ 
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quency to be detected. 

Referring to the time chart of Figure 4(c), the procedure for carrying out a signal pickup operation wfll be 
described. The counter 30 is adapted to count the POS signal from the time of initiation of the REF signal. The 
crank ar^e on at which the pickup of the vibration sensor signal is started is set by the number of POS signals 
starting from initiation by the signal reaching the predetemiined value X required by the compare register 32. 
Thus, when the value in the counter 30 agrees with the predetenmined value X required by compare register 
32, an output signal from the comparator 34 rfees, and the A/D conversion is started. The counter 31 is adapted 
to count the POS signals from the time at which the output signal from the comparator 34 rises. The range ^ 
of crank angles corresponding to the time during which the vibration sensor signal is picked up is set as the 
number of POS signals starting from the time of beginning of A/D conversk>n in the compare register 33. When 
the value in the counter 31 reaches the value Y, an output signal from the comparator 35 rises, and the A/D 
conversion ends. These actions are performed for each of the different detected frequencies. 

The computation made by the CPU 20 for detenmining the occurrence or non-occurrence of knocking will 
now be described with reference to the flow chart of Figure 5. 

First in a step 500, the values of crank angles on-cEfn at which the pickup of signals Is started arid the ranges 
Pn-Pfh of crank angles in which the pickup of signals is carried out ^th respect to the detected frequencies 
fi-fn of the output signals from the vibration sensor, which are read and set in the compare roglsters X^Xn. Yi-Yn 
are preset in accordance wdth the above-described procedure. 

In a step 501 . a signal is picked up in accordance with the above described procedure within the range of 
crank angles set in the step 500 with respect to each detected frequency. The pickup of a signal referred to 
above is performed In a predetennined sampling cyde (for example, every 12m sec). 

In a step 502, the data receh/ed with respect to each detected frequency is subjected to a frequency 
analysis to determine the magnitude nvi-inft, of a vibration component FFT (Fast Fourier Transform) or WFT 
(Walsh to Fourier Transform described by Nobuo Kurihara on pp. 38-44, "Keisokujido-gakkal Ronbunshu 18, 
No. 10 (Octot>er 1982)"), both known fier se^ may be used as a frequency analysis method. 

In a step 503, nrvi-m(n determined in the step 502 and predetennined levels tfy-tm ®et beforehand with res- 
pect to each detected fr^uency are compared with each other, and, for example, %vhen any one of the mn-ftkn 
is larger than the predetennined levels ifr^fa, a decision that knocking occurs is ghren. When a decision that 
knocking occurs is given, the ignition is retarded with respect to nonmal Ignition torne In a step 504. 

Another embodiment of the present invention vrill now be described, in this embodiment the Invention 
applied to a knocking apparatus in which the frequency to be detected is changed in accordance with the oper- 
atbnal condition of the engine, which is represented by the number of revolutions per ntinute thereof, so as to 
improve the signal detecting accuracy. 

Altiiough the constmctton of the apparatus in tiiis embodiment is identical with that of the apparatos In the 
above-described embodiment the knocking detecting procedure in the former is different from that In the latter. 

A frequency to be detected Is changed in dependence upon the number of revolutions per minute of the 
engine with reference to the following Table 1, and the range of crank angles In which the ptokup of a signal is 
csffried out is changed in dependence upon the changed frequent to be detected. 



Number of 
revolutions 
per minute 
of engine 
(rpm) 


Frequency to 
be detected 


Crctnk angle 
at which the 
piclcup of 
signal is 
started 


Range of 
crank angles 
in which the 
pickup of 1 
signal is | 
C8anried out | 


1000-2000 


^1 


^fi 




2000-3000 








300O-500O 


^3 


«f3 





The Gomputotion carried out in the CPU 20 for judging whether knocking occurs or not will t>e described 
with reference to the flow chart in Rgure 6. 

In a step 600 in thteflow chart, one of the pred^rmlned frequencies to be detected is selected in acccMxf- 
ance with the number of revolutions per minute of the engine. In a step 601 , a crank angle a at which ttie pickup 
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Of a signal is started and the range of crank angles p in which the pickup of signal is carried out are set in a 
register, both a and p being pre-set for the particular frequency to be defected which was selected In the step 
600. In a step 603, a frequency analysis with respect to the frequency to be detected set in the step 602 is 
earned out by FFTor WFT to determine the magnitude mof a vibration component In a step 604. m is compared 
5 with a predetermined level f , and. when the fonner is higher than the latter, a decision that knocking occurs in 
given. When a decision that knocking occurs is given, the ignition is retarded in a step 605. 

Yet another embodiment of the present Invention will now be described. The system ci>nfigurat!on of this 
embodiment is identical with that of the en^odiment of Figure 3. The construction of a contrcrf unit9 in the thiid 
embodiment Is shown^ln^F^ures 7(a). 7(b). In Figure 7(a), a band-pass filter 40 is provided for separating a 
10 -•^'^^"^^f^pORentofehaiflCteiJsticfrequencyorta^^ 

l^^l integrator 41 Is provided for carrying out Integration of the output signal from the band-pass 

filter 40 within a predefemiined range of crank angles. The number of each of the band-pass filters 40 integ- 
rators 41 and AID converters 21 con-esponds to the number of specific frequencies to be detected. 

An operation of picking up a signal from a vibration sensor wUI be described with reference to the construc- 
tion of hardware shown in Figure 7{b) and the timing chart of Figure 8. Referring to Figure 7(b). the counter 30 
defcemiines a crank angle based on the rising edge of the REF signal, counter 31 detennines the variation of 
«ank angle occurring after the starting of the pickup of signal, compare register 32 sets the angle Oft in which 
the pickup of signal is canied out The values in the compare register 32 is X and in the register 33 Is Y both 

values being set by CPU 20. Comparator 34 is for checking an actual crankangleastowhetherthe value th^^ 
agrees with that in the compare register 32, and compartor 35 is for checking the variatk>n of crank angle 
whether the value thereof agrees with ftat in the compare register 33. 

Refenring to the time chart of Figure 8. the rising of a POS sign^ Is counted in the counter 30 to determine 
the actual crank angle. When the value of the crank angle obtained agrees with the value X In the compare 
®" ^® comparator 34 rises, and an integration operation of the integrator 41 for 

a vibration component of an output from the vibratfon sensor is started, the vibration component being obtained 
ttwough the band-pass filter40. When the value in the counter 31 agrees with the value Y in the compare register 
33, an output signal ftxjm the comparator 35 rises, and an output signal fi^m the integrator is then subjected 
to A/D conversion. These operations are canried out with r 

The above operations enable the detennlnation of the level of the vibration component in the preset ranoe of 
30 crank angles. k ly^wi 

The computation mentfoned above and carried out in the CPU 20 for judging whether knoddng occuis or 
not wfll now be described with reference to the flow chart in Figure 9. 

Firstly, in a step 900, crank angles OfrOft, at which the Integration of each detected frequency is started 
and ranges prrfth of crank angles in which such Integration is canied out are read and set In compare registers 
35 Xi-Xn. YrY„. These vahies are set beforehand as described above. 

In the integrator in the control unit 9, the integration of each detected frequency Is carried out within the 

range of crank angles set In the step 900. Inastep 901. the results Sri-Sfa of Integration of detect 
fi-fo are read. 

In a step 902, S,t-Sft, are compared with levels f „-f ^ pre-set with respect to the detected frequencies, and, 
40 when > with respect to a predetermined frequenqr, for example, f, wherein i^l-n, a dedslon that knocking 
occurs Is given. When a dedslon that knocking occurs is given In this step, the ignition time is delayed in a 
step 903. 

As menttoned above, a dectelon of occurrence of knocking is given in this embodiment by using the results 
of integratfon of a vibration component in the range of crank angles, in which the characteristics of knocking 
#5 appear most distinctly with respect to each detected frequency. Accordingly, the knocking detectina accuracy 
is improved. ^ 9 j 

In this embodiment, a dedsiOT of occurrence of krracking given by using a plurality of frequendes to be 
detected. BesMe these techniques, the techniques for changing the frequency to be detected, in accordance 
with a change In the operattonal condition of the engine and changing the range of crank an^es in which inte- 
5D gra&>n is carried out in accordance with the resultant firequeni^ to be detected, may also be used. 
Another embodiment of this inventton wOl now be described with reference to Rgure 10. 
The internal combustion engine shown In Figure 10 is appfied with the knock detectton apparatus of ttife 
invention and is simSar to the embodiment shown in Figure 3 except that there are also shown various sensois 
sudi as a speed sensor 121. a water temperatore sensor 106, and a throttle valve opening sensor 105. The 
signals from the various sensors are analysed to detemfiine an appropriate ftjd injection quantity and Ignition 
timing for the operation of tiie engine. Thus, the result of analysis is output from tiie I/O device 23 to operate 
the tud injector 16 and tiie ignition coll 13. 

The water temperature sensor 1 06 measures the teniperature Tw of tiie coding water for ttie engine, and 
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the result is used to compensate the control of the engine. 

The CPU 20, divides intake air flow by the number of engine revolutions and adds to the result a cofrection 
^ctor determined by, for example, water temperature, in order to calculate injection quantity. 

The fundamental value of ignition timing is specified by injection quantity and the number of engine revolu- 
5 tions and is connected according to the conditions of water temperature and the number of engine revolutions. 

The knock sensor 17 is mounted on the cylinder t^lock of the engine to detect vibration on the occurrence 
of knock and to convert the vibration signal into an electrical signal representative of the vibration. 

The knock sensor may alternatively be a cylinder Internal pressure sensor 117 attached to the combustion 
chamber between the spark plug 1 5 and the engine to detect a change in the pressure Inside the cylinder and 
10 convert the pressure into a knock representative signal. 

The engine control unit 9 has a timer 102 provided for obtaining the total operating time of the engine. A 
wheel of the automobile is provided witii the speed sensor 121 so that a speed signal VSP from the speed sen- 
sor 121 can be counted by a counter 103 in the engine control unit 9 to obtain the total distance that the auto- 
mobfle has covered. 

IS The total operating time and the total distance are held in a non-volatile ROM (not separately shown) and 

a built-in backup battery 107 is provided so that the engine control unit 9 is able to retain engine and vehicle 
data when the main battery (not shown) power is cut off. 

Knocking detection with this embodiment will now be described. 

Let the mode with respect to the diameter of a cylinder of the engine 7 be n and for the mode with respect 
20 to the circumference of the engine cylinder be m. Then, the vibration of the engine during combustion has a 
frequency pnm and a corresponding resonance frequency fnm. As an example, an engine used in test gave 
the values of vibration frequency and resonance frequency shown in Rgure 1 1(a). 

The knock sensor 17 mounted to the cylinder block of the engine Is now assumed to have a frequency 
characteristic Including all tiie above-mentioned frequencies particular to the occurrence of knock and also to 
25 be unifonnly sensitive to them. 

Analysing a knocking signal gh^es a distnlnjtion such as that shown In Figure 1 1(b). 
Therefore, If the frequency characteristic of the sensor is known in advance to t>e not flat, the frequency 
characteristic can be made to be flat by providing the head amplifler, described later herein, with a characteristic 
which is the inverse of the known frequency characteristic. 
30 Now, the processing of knocking s^nals wDl be described with reference to Rgure 12. 

A knock signal s is amplified by a head amplifler 120. As steted above, the frequency characteristic of the 
sensor output is changed Inversely by an equalizer 121, and is filtered by low pass filter 122 and amplified by 
a variable amplifier 1 23 to be within the voltage input range of an A/D converter 1 24. The amount of the ampin 
fication by the variable amplifier 123 is alterable in accordance with the level of an input signal or the number 
35 of engine revolutions in response to instructions from the I/O device 23. However, the amount of amplification 
is constant in the knock detecting period for knocking signal frequency analysis. 

The knock detecting sampling period 2" for knocking signal frequency analysis, operates at a predeter- 
mined angle (time) Oopen (Figure 13(c)), at which knock tends to occur, after the top dead centre point This 
angle Oopen can be found t>y specifying the leading edge of the reference signal REF (Rgure 13(b)) as zero 
40 and by counting the position signal POS (Figure 13(a)) as shown in Rgure 13(c). 

When the result of the counting coincides with the angle Oopen, the CPU is enabled for an A/D conversion 
tennins^n Interruption, Figure 13(d), thereby starting the processing by the A/D converter 124 shown in Figure 
12. 

This A/D conversion is, as shown In Rgure 13(d), performed at predetermined date cycles each having 
45 period T. When the A/D conversion terminates, an interrupt occurs to the microcomputer, and, during the A/D 
conversion termination interruption, converted signals are sequentially sent to the RAM 13. 

Here, the cycle t of this A/D conversion has t>een specified in advance so that its Inverse can be a frequency 
twk:e or ware times as high as the highest of the frequencies to be analysed. 

The low pass filter 122 provides sufficient damping for the frequency fcut which is higher than 1/(2t). 
so When the number of date resulting from the A/D conversion amounte to, for instance, 2" at the time to, 

sttown in Rgure 13(f), the A/D conversbn tenmination interrupt ends. At this tone to, a frequency analysis flag 
comes ON and frequency analysis starte. 

The frequency analysis is performed by taking sampling date (block A) from RAM 24 and conducting high- 
speed Fourier transformation 125 and butterfly calculation (for this method, see text txxik *FFT Katsuyo Man- 
55 yuaru," by Kite, Nippon Noritsu Kyokai, October 30, 1985) to obtain date B totaDing 2" representetive of 
amplitude of the different sampling frequencies each from sampling date A totelling 2^ 

Then, from these 2" frequencies, spectrum portions So to Sk corresponding to frequencies fo to f|c totalling 
k (k > 1), which are predetermined by experimentetion, are obteined as data Sp to Sk In block C. The date C 
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are tone quality indexes in accordance with knodc. 

The spectnjifi portions S„ to are multiplied by weighting quantities W, to in block 1 26 so as to obtain 
the kiKicking signal strength I. 

Aicomparator127,thesignalstrengthliscomparedwithaiefefencestrengthloWhichis 
time ttet no knock occurs, and. when the former Is greater than the latter, it is decided that knock has occurred 

is d^ld h!f « r^Jr ? ^ "^"^ ff^"^^ fl^a is set as shown in i^gure 13(g). and ignition timing' 

IS delved by a piedetermined angle eref (Figure 13(h)). and then the timing is gradually recovered by for 
example. +1- steps aftera specified interval Tadv. as in the known method of ignition timing control 

Now, a microcomputer processing needed for the above operatkui wDI be described with refereni» to Ra- 
ures r4va; to\e). , 

,l„„«i^L*^^"^f °*"J" perfomied in response to the leading edge of the reference 

signal to identily a cylinder, and predetennined angle eopen is provided. 

During the above process, when the angle eopen is found by counting position signals, an angle inteinipt 
<^"sed so as to start the process shown in Figure (14b). During the angle intemipt. the CPU is enabled for 
an A/D converaon temiination intemiptfen. and a sampling counter is initiarized to al reit>s with a sampling 
data store pointer being set to the leading address in the store area. 

This A/D oonvereton temtination intenruption starts the process shown in Figure 14(c). During this process. 
Bie result of the A/D conveision is entered into the address pointed to by the sampTing data store pointer to 
mwement the pointer and the sampling counter (at steps 1400). When the sampHng counter reaches 2". the 
A«3 conversion temunabon intemiptton ends, and a frequency analysis flag comes ON (at step 1401) 

mi™2"^°^^ *^"i ^ '^^^ ''^"'^ ^^"^ P™^**®^ ^ ^ actuated in a p^edeter- 

Si^.^;? k"^ this process, a frequency analysis flag is checked, and. when a liequenpy analysis flag 
comes ON, a high-speed Founertransfwmation subroutine Is activated (at step 1402) ' ' n 

!„„ iSlf'* ^^^^^^ transfbnnation is completed, the process atstep 1403 is performed for obtain- 
ing spectrum pwtons S, to Sk oonesponding to frequencies f, to f^. h« «~ uD»in 

^^TJ*"f!!f^ partioilar to the occuirence of knock change slightly because of the number of engine 
revolutions and ttie timing of ignition and also vary witti other factors such as the position of the piston on the 

deade the occurrence of knodc w«ia«=ijr 
In ttife embodiment. tha«fbre. as shown in Figure 15 peaks are obtained among the spectmm portions 
wrthin ttie range corresponding to Af, to Af^ around the particular frequencies made up of the frequendes f, to 
f,. and the peaks are used instead of the particular frequencies made up of the frequencies f, tot 

^ ^a1*^^T r^^® ^ spectmm portion Mttifn the range corresponding to Af 

around the particular frequencies may alternatively be used. » k » 

Also ntrte that tiie peak frequency wiOiin a specfrum portion Af may be used as tiie central frequency for 
toe next ignition operation. j ^ 

ri«nJw^^"I'T2°^ ^ *® abovennentioned way are mulfipiied by weighting coeffi- 

1404), and this intensily I IS compared witti ttie reference inten^tylo at step 1405 

(steM^S)"* knocking Intensity is greater ttian ttie reference intensity, a knock occunenoe flag comes ON 
Figure 14(e) aiustrates the cakHjIation for ignition timing. When a knock occurrence flag comes ON as des- 

Ste^^T^ (2e?t4oT^ ^ ^ ^ ''^^ retention timer is set to the 

The mteival Tadv is subbacted Irom each time ttie cyde for tiie timer task is completed. When ttie inteivai 

Tadv reach^ zero, toe angte eref is subtracted from once. Unless tiie angle Oref becomes zero as a result, 

wtti ttie result ttiat knock control can be implemented (step 1408). 

Now ttie particular frequencies f, tofk for ttie detection of knock are. as shown in Figure 16. subjecttothe 
aged deterioration of ttie engine. si ■«» lo, suujeci w me 

In view of tills fact, as described witti reference to Figure 10, ttiM embodiment h^ ttierebi ttie timer 102 
and speedsei^ 121 to obtain ttie total operating time of ttie engine and ttie total distance that ttie automobile 
hffi covered. By vntue of ttie bult-in batteiy 107. ttie total operating time and ttie total distance covered are 
retemed even when ttie engine control unK 9 has ttie power tiiereto cut off. 

Bymeasurfrigthe total operating fime and total distence. ttie partkadar frequencies f, to f^fcir ttie detection 
f 5- "nodified m such a way as to compensate ftar such an aged deterioration which has ttie charao- 
tensbcs shown In Rgure 1 6 ttiereby detemiining ttie detectioi of knodc wtth higher predskin 

Alfliough in Oiis embodiment, again highspeed Fourier transfomiation has been used to analyse fte- 
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quencies, another frequency analysis method such as WHT transfonnation known per se may altemativdy be 
employed. The WHT transfonnation allows obtaining the particular frequencies fi to f^ without using 2" spectra 
and thus shortening calculation time. 

Yet another frequency analysis may be used, for instance, a method of using a digital bandpass filter for 
predetemnined frequencies f^ toft and thereby slightly altering each coefficient in Z transfomi to alter the central 
frequency in the bandpass width. 

As will now be evident from the above, in the present invention the range of crank angles in which a signal 
is picked up is changed in accordance with the frequency to be detected so that the occurrence and non-occunr- 
ence of knocking can be judged in a range of crank angles in which a vibraUon component of the frequency in 
use appears most characteristically. Accordingly, the window in which knock detection is effected is adjustable 
in position and length so the knocking detecting accuracy can be improved, and the utilisation of these techni- 
ques enables the ignition timing to be more accurately controlled in dependence upon the occurrence of knock- 
ing. Therefore, the engine output power and fuel consumption can be improved. 

The central frequency on the occurrence of knock also changes with the temperature of the cooling water, 
the temperature and humidity of intake air and operating conditions. Therefore, altering the central frequency 
in dependence upon these conditions allows knodc detecting with yet higher precision. 

By the present invention, the occunrence of knock can always be decided with high precision by checking 
frequencies particular to the occurrence of knock in harmony with the operating conditions of the engine so as 
to achieve accurate knock control. 

In addition, selection of more than one frequency allows using appropriate frequencies todetect knock even 
when tiie engine operates with high load and at high speed. Also the difference in the proportion of the knocking 
intensity I to the reference Intensity lo is large enough between the state of having knock occur and the state 
of having no knock, which leads to accurate decision about the occurrence of knock. 

Furthermore, since knock control is operable even when the engine operates witti high load and at high 
speed, the operating point for the engine can be brought closer to the ignition time required for the MBT control, 
leading to increase in engine output and decrease in fiie! consumption rate. 



Claims 

1. A method of detecting knocking in an Internal combustion engine having a crankshaft (4) and a knock 
detecting sensor (17) characterised by the steps of detecting engine vibration caused by knodcing with said 
knock detecting sensor between a first and a second moment of time and independentiy varying at least 
one of the first and second moments of time in dependence upon a vit>ration spectrum of linequencies to 
be detected. 

2. A method as claimed in claim 1 wherein a plurality of frequency spectra (Pft, Pfo) each having a different 
first and second moments of time are separately analysed for determining knock intensity. 

3. A method as claimed in claim 1 wherein said first and second moments of time are represented by first 
and second angles of said crankshaft 

4. A method as clakned in claim 3 wherein a plurality of frequency spectra are detected each having different 
centre frequencies (f^, fj. 

5. A method as claimed in claim 3 or 4 wherein the first crank angle is variable and the differenoQ tietween 
ttie first and second crank angles is predetenninedly fixed. 

6. A method as claimed in claims 3, 4 or 5 wherein the crank angle range between the first and second crank 
angles is Inmlted to reduce the effect of vibration caused by mechanics^ noise, such as by redprocating 
engine inlet and exhaust valves. 

7. A method as claimed In daim 4 wherein frequency spectra are analysed to determine an overall knocking 
signal level (I) and If said level exceeds a predetermined level (Iq) then ignition timing of sakl engine Is retar- 
ded. 

8. A method as claimed in any preceding daim wherein the spectrum of frequencies is detected at a plurality 
of sampling points (2'*) vi^in sakl spectrum wherein the samples at saki sampling points are an^ysed. 
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r.p.m.. engme water temperature, intake air temperature, intake air humidity or engine miietsT 

^^tr t^Z^L"^"^ tf^"!? ^ Of frequencies is each representative of a mode of 

viDration (fio, f^) withm a respecfave cylinder of said engine, 

IS detected by analysing data at two or more conseciiiive frequency sampl^. amplitude 

S^^S^S'^eZ'S^tj:^^ for each mode are suLed^to ^^^wj^ 

«ne naex (c^ whereby knodc is detected by comparing said tone Index with a predetermined signal 0,). 

toS^Z''^^ " '^^^ ^''"ency Of maximum amplitude is not centrally 

Sfsar^rnS^r^— r^^^ 

nTS^i^n"^*^^^ ?"* ^" "'^'"^ combustion engine (7) comprising a knock detecting sensor 
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(S) Method and apparatus for detecting knock in an internal combustion engine. 

@ A method and apparatus of detecting knock- 
ing in an internal combustion engine having a 
crankshaft (4) uses a knock detecting sensor 
(17) to detect vibratk)n caused by knocking. The 
signals from the knock detecting sensor (17) are 
detected between a first and a second moment 
of time (i.e. a measurement window) and at least 
one of the first and second moments of time are 
independently varied in dependence upon a 
vibration spectrum of frequencies to be detec- 
ted. In a preferred embodiment a plurality of 
frequency spectra, each having a different first 
and second moment of time, are each sepa- 
rately analysed for determining knock intensity. i 
The moments of time are represented by first 
and second angles of the crankshaft A plurality 
of measurement windows are advantageously \ 
used to determine the level of knocking and if 
the level exceeds a predetemrtined level the 
ignition timing for the engine is retarded. The 
frequency of maximum amplitude is arranged in 
operation to be the centre frequency of a fre- 
quency spectrum determined by the measure- 
ment window. 
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